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A SENSOR COMPRISING A HYDROPHIUC MATRIX MATERIAL 

FIELD OF INVENTION 

5 The present Invention relates to a sensor for measuring an anaiyte in a sample, a 

membrane comprising a matrix material and an indicator compound for use in the sensor, a 
method of improving the stability of the indicator compound in the matrix, and the use of a 
cornpound associated with the indicator compound in the rhetM 

10 BACKGROUND OF THE iNVEKTiON 

Sensors tor measuring the presence and quantity of anatytes in bioiogicat samples and 
including a membrane adapted for indusion of indicator compounds that react with 
analytes to produce a detectable signal have been icnown for several years. A general 

1 5 description of sensors of this type appears from BAM, Hall. "Overview of Biosensors'. In 
Biosensors and Chemk:al Sensors: Optimizing Performance Utrough Polymeric Materials, 
P.G. Edelmann and J. Wang (Eds.), American Chemical Society, Washington DC, 1992, 
pp. 1-14; and J.S. Schultz and R.F. Taylor, "Introduction to chemical and biological 
sensors", in Handbook of Chemical and Bicdogical Sensors, R.F. Taylor and J.S. SdiuHz 

20 (Eds.). Institute of Physics Publishing, Bristol and Philadelphia, 1996, pp. 1-9. 

A method of determining the content of an anaiyte in sample of whole blood is described in 
US 5,288,646. The method employs a membrane of a hydrophiilc poiymer materral such as 
cellulose which includes an indicator dye imnxsbilised thereto. 

25 

SUMMARY OF THE IIWENTION 

A disadvantage of the known sensors comprising a hydrophiilc matrix material to which a 
hydrophobic indicator cc^npound is Hnmobiiised is that the irKiicator conqsound tends to 

30 aggregate In the presence of moisture to form e.g. dimeric structures. Moisture induced 
aggregation of the matrix-bound indicator compound will change the physical-chemical 
characteristics of the indicator compound. These changes will have adverse effects on the 
accuracy of the readings obtained when the sensor is used in connection with automated 
analysers to determine the presence and/or quantity of an anaiyte in a sample. In order to 

35 a^^ such aggregation, it is necessary to provide storage fadlities for such matrices or 



Instruments containing them in which humidity is strictly controlled, thus adding to the 
expense of using this type of sensor. An obiect of the present invention is to provide a 
sensor comprising a hydrophilic matrix including an immobilised hydrophobic indicator 
compound which does not form moisture induced aggregates in the matrix and which 
5 consequently has improved storage stability under conditions where humidity is not strictly 
contFOiied. 

it has surprisingly been found possible to fBduce the tendency of the indicator conripou^ 
aggregate in the matrix by including a cycSc compound which conta^ a hydrophilic moiety 
1 0 as well as a hydrophobic moiety in the matrix material in such a way that the cydic 

compound protects the Indicator compound from aggregating in the matrix In the presence 
of moisture, but on the other hand does not blodc the reaction of the indicator compound 
with the analyte. 

15 Accordingly, the present invention relates to a sensor for measuring an anaiyte in a 
biological sample, the sensor comprising a hydrophilic and/or water-swellable matrix 
material at least one portion of which includes an analyte-sensitive indicator compound and 
a cyclic compound which has a three<ilmensionai structure forming a hydrophobic inner 
cavity and a hydrophiilc exterior surface. 

20 

In the present context, the term "matrix" is intended to indicate a pdymeric structure M^'ch 
is capai>le of incorporating or attediing other moiecules, in particular indicator compounds. 
The term 'hydrophilic" is intended to indicate that the matrix indudes a substance which Is 
water-soluble or capable of attracting water. The term "water-swellable" is intended to 

25 indicate *e ability of the matrix to be hydrated in the presence of moisture. The term 
"indicator compound" is intended to indicate a compound which is capable of reacting with 
the analyte. either directly or indirectly, to produce a detectable signal, for instance an 
optical signal. The indicator compound may tie immobilised within the matrix material 
provided that it is available for reaction with the anaiyte, in which case the matrix should be 

30 one which is permeable to the anaiyte, or it may fc>e immd3aised on the surface of the 
matrix fadng the biological sanrqsie, or both. The c^dlc confound is generally one which 
fonms a cyiindricat structore. The term "hydrophobic inner cavity" is intended to indicate 
^at the inside portion of the (^linder is predominantly hydrophobic in nature and therefore 
capabte of hosting a hydrophobic moiety of the indicator compound. The term "hydrophilic 

35 exterior surface" Is intended to indicate that the outside portion of the cylinder Is 



predominantly hydrophillc in nature and is therefore conipatibte with the hydrophilic matrix 
material as well as with the water taken up by the matrix. 

In another aspect the present invention relates to a membrane adapted for use in a device 
5 for measuring an analyte in a biological sample, the membrane comprising a hydrophilic 
and/or water-sweiiable polymeric matrix material which at least in one portion Indudes an 
analyte-sensitive indicator compound and a cyclic compound which has a three- 
dimensional structure forming a hydrophobic inner cavity and a hydrophilic exterior suriiace. 

10 In a further aspect, the invention relates to a method of improving the properties of a 
membrane for use in a sensor, the membrane comprising a hydrophilic and/or water- 
swellable polymeric matrix material at least one portion of which includes an analyte- 
sensitive indicator compound, the method comprising contacting the indicator compound 
with a cydtc compound which has a three-dimensional structure forming a hydrophobic 

15 inner cavity and a hydrophilic exterior surface for a suffident period of time to form an 
association of the indicator compound with the cydic compound. 

DETAILED DESCRIPTION OF THE INVENTION 

20 In one embodiment of the invention, the indicator compound may be ImmobBlsed In the 
matrix material and the cydic compound may be associated with the indicator compound. 
The term "associated with" is intended to indicate that a molecule of the indicator 
compound combines with a molecule of the cydic compound due to the hydrophobic forces 
between a hydrophobic moiety of the indicator compound and the hydrophobic inner cavity 

25 of the cydic compound. Alternatively, the cydic compound may be immobilised In the 
matrix material and the indicator compound may be assodated with the cydic compound. 

The matrix material preferably fomis a layer which nnay constitute or be incorporated in a 
membrane of the sensor. It is envisaged that several difiierent types of sensors may be 
30 modified according to the present invention. A general description of sensors suitable for 
modification appears from EAH. Hall. "Overview of Biosensors", In Biosensors and 
Chemical Sensors: Optimizing Performance through Polymeric Materials, P.G. Edelmann 
and J. Wang (Eds.). American Chemical Sodety, Washington DC. 1992. pp. 1-14; and J.S. 
Schultz and R.F. Taylor, "Introduction to chemical and biological sensors", in Handbook of 



Chemical and Biological Sensors, R.F. Taylor and J.S. Schultz (Eds.). Institute of Physics 
Publishing, Bristol and Philadelphia, 1996, pp. 1-9. 

While a variety of sensors may be modified according to the invention, preferred sensors 
5 are optical sensors, e.g. sensors producing a colour response to a particular anafyte which 
may either consist in a change in colour or in colour intensity, or producing a fluorescent or 
iuminesoent response in the presence of a particular analyte. 

The sensor may l)e a soKslied dipping sensor, usually rod-^ped. the analyfe^nsitive 
1 0 area of which is located at one erul of the sens^ at a surface which is in contact with the 
biological sanple. An example of such a server is described In WO 97/36994 which is 
hereby incorporated by reference. The sensor may also be part of a measuring cuvette 
designed to contain a sample. In case of the latter, the sensor will most usually form part of 
a wail of the measuring cuvette or altemativeiy have the form of a nnembrane situated in a 
1 5 chamber of the measuring cuvette. The measuring cuvette may be designed for disposable 
use or may be provided as an integral component of an analyser for the determination of 
an analyte in ttie sample. An example of such an analyser is described in US 5,288,646 
wtiich is hereby nicorporated by reference. 

20 A suitable thickness of a membrarie incorporating the matrix is ffi the range of 1-50 |im, 
such as 5-20 ^m, in particular about 8 jan. 

The polymeric matrix material may comprise an organic or inorganic polymer, or mixture of 
polymers. Preferably, the polymer is an organic polymer, or a mixture of polymers. 
25 Preferred polymers are cellulose or cellulose derivatives such as isopropylcellulose 
cartx)xymethylcellulose, cyanoethyiceilulose or cellulose acetate. Particuiariy preferred 
cellulG»e products for use as the matrix material include Cellqshane®, Cuprophan®. 
Hemophan, Uitranier, Placetate or Linters. 

30 E^:amples of other suitable polymers include polysaccharides such as carrageenan. 
trsgacanth gum, pectin, puituian, xantiian gum, amylose or agarose; polyethylene giycd 
and polyethylene glycol derivatives; poiyvinylalcohol; polyacrytamides such as 
polyacrylamide, poly(N-lsopropylaGry}amide), or poiymethacrylamlde; polyaaytic adds and 
esters thereof such as polyacrylic add, poly(methacryrrc add), poly(itaconic add) or 

35 polyhydroxyethylmethacryiate; hydrophillc poiyurethanes; polyvinylpyrrolidone; polystyrene 



5 



sutfbnic add; poly(3-morphoUnyiethyiene); poiy(N-1^,4-ti1azolylethyiene); poiyvinyi sui^: 
polyvinyl amine; poiy(Y-glutamic add); poiy(2-ethyt-2<oxazorine); or poly(4-amino-3- 
sulfoanilineX Sonne of these polymers are water-soluble and should be subjected to cross- 
linking reactions before use as matrix materials, in a manner known perse. 

The term "analyte" is intended to indicate a parameter, compound or composition to be 
detected. The analyte is generally a hydrophilic analyte for detecticvi by sensors with 
hydrophilic matrices. Examples of analytes which may favourably be determined by means 
of the sensor of the inventton bidude 

PH: 

concentrations of electrolytes such as LP. Na*. IC. Ca**, Mg^, cr, HCO3* or NH3 (NH4*); 

1 5 concentrations of metabolic factors such as glucc^e, creatinine, urea (BUN), uric add, 
lactic acid, pyruvic add. ascorbic add. phosphate or protein; 

concentraQons of enzyn^s such as lactic add dehydrogenase, Spase, amylase, dioline 
esterase, alkaline phosphatese, add phosphatase, alanine amino transferase, a^)artate 
20 amino transferase or creatinine kinase. 
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The biological sample tested for the presence of the analyte is preferably a physiological 
fluid such as diiuted or undiluted whole blood, serum, plasma, saliva, urine, cerebrospinal 
fluid, synovial fluid, milk, ascites fluid, peritoneal fluid or amniotic fluid. The sample may be 
25 treated prior to testing in order to make it more amenable to being tested. Pretreatment 
methods may indude dilution, filtration, concentration, extraction, rermvaf or inadivation of 
components whidi might interfere with the results, and addition of reagents. Examples of 
other biological samples indude fermentetion broths or micrc^ial cuitores. waste wat^. 
food products, and the like. 

30 

Most indicator compounds for use in optical sensors are organic compounds that due to 
predominantiy hydrophobic properties tend to form aggregates (e.g. dimers and higher 
aggregates) in the presence of moisture when included In a hydrophilic or water-swellable 
matrix. The indicator compound may be a light-absorbent or light-emitting (Le. luminescent) 
35 dye. Luminescent dyes may be fluorescent, phosphorescent or chemilumin^cent dyes. 



The dye may suitably be selected from the group consisting of azo/hydrazone dyes, 
xanthenes, thioxanthenes, rhodamines. porphyrins, polymethines. e.g. cyanines, 
coumarines. tndoanilines and anthraquinones. In- each case, the indicator compound 
should be selected so as to be appropriate for the mdividual type of anatyte to be 

5 determined. A Hst of indicators which might be of use for detecting specific analytes 
appeals from E. Koller and O.S. Wolfbeis. "Sensor Chemistry". In Fiber Qpfc Chemical 
Sensors and Biosensors, Vol 1. O.S. Wolfbeis (Ed.), CRC Press. 1991, pp. 303-350. 
Currently preferred dyes for the present purpose, in particular for incorporation into a pH 
server, are azo dyes, for instance 1-hydroxy-4-{2-nitro-4-(2- 

10 hydrogensullatoethyl)phenylazo)naphthalene (available from Merck, Darmstadt, Germany, 
under the trade name N-9). 

As indicated above, the cydic compound associated with tlie Indicator compound is one 
which has a three-dimensional structure forming a hydrophobic Inner cavity and a 

15 hydrophilic exterior surface. Without wishing to be limited to any particular theory, ft is 
assumed that a hydrophobic moiety of the Indicator compound is hosted by the 
hydrophobic cavity of the cydic compound while leaving at least one functional group 
exposed for reaction with the analyte. The attachment of the cydic compound series to 
maintain the indicator compound in a monomeric state In the presence of moisture 

20 whereby the Indicator compound remains evenly distributed in the analyte-sensitive portion 
of the matrix. The hydrtiphillc exterior surfece of the cydic compound is, on the other hand, 
compatible with the hydrophilic matrix material as well as with the water taken up by the 
matrix from the ambient moisture. Examples of cydic compounds which can have the 
desired properties are cydodextrins. modified calixarenes, cydic peptides, carcerands, 

25 cryptophanes or cydophanes, induding azacydophanes. 

Particulariy preferred cydodextrins for binding to the indicator compound are selected from 
the group consisting of a-cydodextrin, p-cydodextrin, y-cydodextrin, hydroxyalkyl 
substituted cydodextrin, e.g. hydroxyethyl or hydroxypropyl substituted cydodextrin. alkyl 
30 substituted cydodextrin, e.g. methyl substituted cydodextrin, and cydodextrin substiWed 
with reactive/functional groups, e.g. monochlorotriazin-p-cydodextrin (e.g. BETA W7 Hd 
from Wacker). It should be noted that p-cydodextrin which is sparingly soluble in itself may 
be rendered more suitable for attachment to the Indicator compound by appropriate 
subslftufion, e.g. with hydroxypropyl groups. 



35 



The use of calixarenes as indicator compounds In optical ion-selective electrodes is 
described in WO 95/00473. It has been found that calixarenes generally have a three- 
dimensional structure which is the opposite of that of cydodextrin, l.e. the inner cavity is 
predominantty hydrophillc. and the exterior surface is predontinantly hydrophobic. It is. 

5 however, envisaged that the calixarenes disclosed in WO 95/00473 may be used to 
stabilise hydrophobic indicator compounds immobilised in a hydrophlBc matrix if they are 
suitably modified. Suitable modifications may for instance oidude substitution of hydroxy 
groups on the calixarene ring by groups imparting hydrophobidty to the interior of the 
caTocarene structure and, conversely, substitution, e.g. of the ring cartions. by groups 

10 imparting hydrophilidty to the exterior of the calixarene ring. 

Carcerands, cryptophanes, cydophanes and azacydophanes are described in, e.g., H.-J. 
Schneider and H. DQn-. Frontiers in Supramdecular Organic Chemistry and 
Photochemistry. VCH Veriagsgesellschaft. Weinheim. Gemiany. 1991. 

15 

The immobiitsafon of tiie indicator con^und to the matrix nnaterial and modification of the 
matrix to ccmiprse a cydic compound attached to the indicator compound may be 
accomplished in various ways. In general, the preparation of suitable matrices may follow 
the methods described in E. Koller and O.S. Wolfbeis, "Sensor Chemistry". In Fiber Optic 
20 Chemical Sensors and Biosensors. Vol 1 . O.S. Wolfbeis (Ed.), CRC Press. 1991. pp. 303- 
350. induding mechanical, electrostatic and chemical immobilisation. For the present 
purpose, chemical immobilisation is generally most suitable. 

More specifically, the attachment of the cydic compound may be performed by immersing 
25 the matrix material containing the Indicator compound immobilised in the matrix material in 
an aqueous solution of ttie ^dic compound for a suffident period of time to effed 
assodation of the cydic compound with the indicator compound. 

Alternatively, the cydic compound may be added to the matrix material comprising the 
30 indicator compound prior to distribution of the matrix material in the appropriate part of the 
sensor, or prior to the formation of a layer or membrane of matrix material. 

In a further alternative, the cydic compound may be immobilised in ttie matrix material 
followed by assodation of the indicator compound with the cydic compound. This 
35 procedure may be accomplished, e.g. by immersion of the matrix material comprising the 
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immobilised cyciic compound in a solution of the indicator compound for a sufficient period 
of time to e^ect association of the indicator compound with the cydic compound. 

The present invention further relates to the use of a cyciic compound which has a three- 
5 dimensional shape forming a hydrophobic inner cavity and a hydrophific exterior surface to 
protect a hydrophobic anaiyte-smitive indicator compound from aggregation In the 
presence of moisture in a hydrophilic and/or water>sweyable polymeric matrix material. 

When a rnembrane of a hydrophiiic material is modified to Indude a hydrophobic indica^ 
10 compound either incorporated in the bulk of the matrix material or immobilised on its 
surface, this may have profound consequences for the wettability of the membrane and 
hence its contact with an aqueous biological sample such as a physidogicai fluid, it has 
surprisingly been found that when a cydic compound as described above is assodated 
with a hydrophobic indicator compound, the wettability of the membrane may be improved. 
1 5 The invention therefore also relates to the use of a cydic conpound w^ch has a three- 
dimensional shape forming a hydrophobic Inner cavity and a hydrophilic exterior sur^ce to 
improve the wettabSity of a hydrophilic and/or water-sweilable matrix material which 
Indudes a hydrophilic analyte-sensitive IfKiicator compound. 

20 In particular cellulose memt>ranes for use in the sensor according to the invention tend to 
become brittle in ttie dry state. This brittieness makes the membrane material more 
difficult to handle both in the preparation of the sensors and when they are subsequently in 
use. An added advantage of incorporating a cydic compound such as cydodextrin is that It 
may sen/e to soften the membrane to make it less brittle. 

25 

The invention is ftjrther descrit>ed in the following example which is not in any way intended 
to limit tiie scope of the invention as claimed. 

EXAMPLE 

30 

Preparation of a cellutose membrane with an immobilised indicator compound and 
cydodextrin bound to ffieindicat<^ compound 

The preparation of ttie membrane witii immobilised indicator compound was performed 
35 substantially as described in US 5^288,646 with ttie exception that Cuprophan® 8 |xm. 
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available from Akzo, the Nettieriands, was used as membrane material instead of 
Cetiophane. First a solution of an Indicator compound consisting of 9.66 g (assuming a dye 
content of 1 00%) of 1 4iydroxy-4K2-*iitro-4-(24iydFogensulfatoeihyl)phenytazo)naph^ 
(available Itom Merck. Darmstadt. Germany, under the trade name N-9) per 500 ml DMSO 
5 solution was prepared. The DMSO solution was subsequently mixed in the ration 1:100 
with an aqueous solution of 63 g NaOH and 2365 g Na2S04 per 25 L H2O at ambient 
temperature. The Cuprophane membrane was immersed in this solution which contains 
1 % DMSO and has a pi-i of approx. 12.3. The membrane was left in the indicator solution 
until an optical density at 458 nm at pH 4-6 was 1 .00 ± 0.05. The total contact time 
10 necessary is approximately 25 minutes. Then the membrane was removed from the 
Indicator solution and rinsed with a solution of 35 g NaOH per 25 L H2O followed by a 
rinsing with delonlsed H2O. 

A solution was prepared of 20 g/1 hydroxypropyl-IJKyclodextrin (BETA W7 HP, available 
15 from Wacker, Germany) In defonlsed water. The membrane containing the immoblHsed 
indicator compound was Immersed in this solution for 8 minutes. The membrane was 
subsequently dried and stored under ambient conditions before use. 



